Abstract The Southern Cone Mesopotamian savanna (MS), located in northeastern Argentina, is one of the least protected ecoregions (0.11%) of the country. Five of the seven historically present species of xenarthrans in this region are of conservation concern at the national level. This work reviews, updates and analyzes the current distribution and conservation status of the xenarthrans using a georeferenced database including records from four complemenResults were then compared with existing distribution maps. In total, 304 occurrence records were documented in 127 localities. Considering their relative presence (number of localities where the species is present divided by the total number of localities), the species with most records were Dasypus novemcinctus (71.7%) and Dasypus hybridus (63%); Euphractus sexcinctus and Tamandua tetradactyla were detected in a lower proportion (48.8 and 35.4%, respectively). Cabassous tatouay and Myrmecophaga tridactyla are rare species in the ecoregion. The extant xenarthrans that of contributions from the local community, who provided 80% of the collected information for this study. Keywords: Cabassous tatouay, Corrientes, Dasypus, Euphractus sexcinctus, Misiones, Myrmecophaga tridactyla,
The Southern Cone Mesopotamian savanna ecoregion (MS) (Olson et al., 2001) , located in southern Misiones and north-eastern Corrientes, Argentina, supports a unique zoogeographic composition (Chebez, 1996) but is under-represented in protected areas: only 0.11% of the ecoregion is currently protected (Burkart et al., 2007) . This area shares numerous endangered taxa with the Iberá Wetlands, the Pampas and the Chaco Savannas (Parera & Erize, 2002) , including the maned wolf (Chrysocyon brachyurus), Pampas (Ozotoceros bezoarticus) and marsh deer (Blastocerus dichotomus), and the extirpated giant anteater (Myrmecophaga tridactyla) (Chebez & Cirignoli, 2008) . However, our knowledge of faunal assemblages of some groups of mammals of the MS remains incomplete or fragmented, as is the case with xenarthrans.
This region is seriously threatened due to human activity, mainly as a consequence of the transformation of habitat to crops, urban areas, or plantations, and degradation due to cattle ranching (White et al., 2000; Henwood, 2010) . In the MS ecoregion, grasslands have been used for more than 300 years for grazing (Forclaz et al., 2002; Bilenca & Miñarro, 2004) . However, more recently, other land uses such as agriculture and silviculture have been expanding. In fact, nowadays, the major threats to biodiversity are afforestation, illegal wildlife trade, uncontrolled fire management, and secondarily, the drainage and canalization of wetlands for rice crops (Viglizzo et al., 2005) .
The xenarthrans are endemic to the Neotropics (Eisenberg, 1979) . They constitute the only mammal group that originated in South America (Abba et al., 2012) , and represent one of the four major placental lineages (Delsuc & Douzery, 2008) . Despite their evolutionary significance, the global conservation status of xenarthrans places them among the mammals most at risk of extinction (Abba et al., 2012) . There are 18 species described for Argentina (Abba et al., 2012) , seven of which are potentially present in MS. Four of these seven species are listed as a conservation concern by national (Ojeda et al., 2012) and international (IUCN, 2013) Red Lists. Complicating matters, Dasypus septemcinctus and Dasypus hybridus, the small long-nosed armadillos are difficult to properly identify due to morphological similarities. Some authors (Hamlett, 1939; Abba et al., 2012) consider D. septemcinctus to be endemic to Brazil, whereas others authors suggest its presence in the south of the province of Misiones and in northern Corrientes (Chebez, 1996; Massoia et al., 2006) . Available information on xenarthrans is usually scarce and dispersed. In addition, the capture and direct observation of these species is difficult. Thus, the gathering of indirect data from diverse reliable sources is a valuable tool to help determine their distribution in the region.
With this in mind, the aim of this paper is to review, update and analyze the current distribution and conservation status of xenarthrans in the MS ecoregion by compiling existing information and incorporating new data from our own on-going studies in the area.
M M Study area
The Southern Cone Mesopotamian savanna ecoregion, locally known as Campos y Malezales (Burkart et al., 1999) , covers 26,000 km 2 in the southern portion of Misiones and northeastern Corrientes. It is located between 27º and 30ºS, and 55º and 57ºW; bordered by the Uruguay River to the east, the Espinal ecoregion to the south, the Iberá wetlands to the west, and the Paraná River and Atlantic Rainforest to the north (Morello et al., 2012) 
(
).
The predominant landscape is extensive grassland, with a gently undulating topography in the north and a flat plain in the south. The vegetation comprises, to the north, grasslands and meadows (pajonales) with several herbaceous communities ("Campos"); and to the south, uniform and almost pure meadows that grow over flood-prone and poorly drained soils ("Malezales") (Burkart et al., 1999) . Trees appear in isolated patches or as riparian forests, whereas palms can form open woodlands or grow mixed with the grasses (Krapovickas & Di Giacomo, 1998) .
In the north of this region, forestry plantations and crops like yerba mate, tea, and rice prevail; to the south, cattle are grazed on extensive ranches on natural grasslands commonly managed with fire (Viglizzo et al., 2005; Morello et al., 2012) .
Data collection
To estimate the distribution and relative presence (RP) of each species in the region we based the study on information obtained from four complementary methods. The RP was calculated as the number of localities where the species is present divided by the total number of localities.
Field surveys:
Track transects were conducted on internal trails along the MS -Iberá Wetlands ecotone (Puerto Valle ranch) and in the locality of Garruchos (60,000 sampled meters). Tracks, burrows, feces, carapaces, and any other signs of presence were recorded (Zuleta et al., 2010) . We also incorporated field surveys conducted in Campo San Juan Natural Reserve in Misiones province (Homberg et al., 2012) .
Participatory monitoring:
A participatory monitoring program of fauna is conducted in association with forestry personnel, who are periodically trained and evaluated in the identification of species by fauna experts. Observers are fixed in some cases (fire control tower employees, N=13, sampling effort=8 hr/day) and mobile in others (brigade firefighters and supervisors, N=15, variable sampling effort). Participants register all occasional sightings during their daily duties in the field, recording the name of the species, their location, date, number of individuals, and physical condition. Here we present results from September 2006 until May 2012, with over 17,700 hr of sampling effort by observers.
Interviews:
Semi-structured questionnaires were administered to local inhabitants between 2008 and 2012. Interviews were conducted with residents, farmers and field workers who mainly develop field activities in contact with local wildlife. For each species, interviewees were asked to categorize them as commonly or occasionally present (Stockill, 2006) ; all other relevant information provided was also considered. Correct identification of species was verified through morphological and behavioral descriptions, as well as photographs provided during the encounters; interviewees who failed to show reliable knowledge and identification capacity were not considered in further analyses (Bauni, 2011) .
Bibliographical review:
We conducted a bibliographical search of scientific articles, field guides, range maps, and scientific and technical reports to collect observations of xenarthrans. Online search was performed using Google and Google Scholar, and keywords in both Spanish and English (common and Latin names of the species and terms such as distribution, Campos y Malezales, Argentina, presence, locality). We also included national and international databases, namely SIB (Sistema de Información de Biodiversidad de Argentina, <http:// www.sib.gov.ar/>) and GBIF (Global Biodiversity Information Facility, <http://www.gbif.org>).
Mapping
We used the coordinates for localities provided by the source of the data. If such data were not available, coordinates were obtained from the Global Gazetteer Version 2.2. (<http://www.falling rain.com/world/index.html>), the Cartographic Directory of Spain (<http://www.dices.net/>), or derived from specific references (e.g., route intersections, lagoons, distances from towns) using GoogleEarth. Imprecise data (e.g., "north-east Corrientes", "south of the province") were not considered. For interviews, the coordinates of the centre of the property were recorded. All records were georeferenced using ArcGis 9.3 (Environmental Systems Research Institute, Inc., Redlands, USA). Potential distribution maps were extracted from IUCN (2013).
Location of the Southern Cone Mesopotamian savanna, Argentina, and its main land uses and land covers.
nine-banded armadillo was the species with the highest number of records. Both the greater nakedtailed armadillo (C. tatouay) and the giant anteater were detected in a low proportion.
Interviews and occasional sightings of xenarthrans account for 54 and 25% of localities, respectively. Bibliography data, with 24 localities, represent 18% of recorded sites, whereas field surveys only account for 3% of total recorded localities ( ).
Species synopsis and regional conservation status
Below we describe each registered species, indicating its relative presence and national (NCS; Ojeda et al., 2012) A contains a full list of records with their respective species, locality data, and sources of information.
R D Summary of collected data
Based on all sources of information, we documented 304 records and 127 localities distributed across the entire ecoregion in the period 1979-2012. They represented a total of seven xenarthran species belonging to two orders. Six species were undoubtedly identified: Myrmecophaga tridactyla, Tamandua tetradactyla, Dasypus novemcinctus, Euphractus sexcinctus, Cabassous tatouay and D. hybridus. We considered D. septemcinctus as a seventh species due to the existence of records, but given the confusion between the latter and D. hybridus (see discussion below) and the possibility that all individuals of D. septemcinctus actually belong to D. hybridus (Abba et al., 2012) , we present the records of both species in the same map.
The most widespread species were the nine-banded (D. novemcinctus; 91 localities) and the southern lesser long-nosed armadillo (D. hybridus; 80 localities), followed by the yellow armadillo (E. sexcinctus; 62 localities) ( ).
The most frequently detected species in the bibliographical review, participatory monitoring and interviews were the nine-banded and lesser long-nosed armadillo, each with a similar number of records. Considering the field surveys alone, the Number of localities in the Southern Cone Mesopotamian savanna per xenarthran species and source of information.
Myrmecophaga tridactyla Linnaeus, 1758 ( 3)
Common name: oso hormiguero, hormiguero gigante, yurumí (Spanish), giant anteater (English), tamanduá bandeira (Portuguese)
Relative presence: 7.9% Conservation status: Vulnerable (NCS, ICS) Comments: the giant anteater has been reported from 10 localities in the last decade. One of these records came from interviews, five from participatory monitoring and four from bibliography (two from Misiones and two from Corrientes province). Another bibliographical record, which did not have enough precision to be included in this study, indicates that an individual was observed in the department of Santo Tomé (Corrientes) in the 1980s (Chebez, 2008) . Although the species is said to have a probability of occurrence of 0.2-0.6 in the MS ecoregion (Abba et al., 2012) , the IUCN has categorized the anteater as possibly extinct in this region (Superina et al., 2010) . The records reported in this paper may need verification from direct sampling methods, so as to clarify the anteater's uncertain status in the region. Meanwhile, "The Conservation Land Trust" foundation has a reintroduction program for this species in the provincial Park of Iberá wetlands, adjacent to MS ecoregion (Jiménez Pérez, 2006; Di Blanco et al., 2012) . Comments: this species was registered through interviews (21), participatory monitoring (16), bibliographic review (7), and field survey (1). All records were within the expected distribution according to the IUCN (2013) . Although the number of localities was not high (45), the southern tamandua is widely distributed in north-east Corrientes, and MS is the southern limit of its known distribution in the province of Corrientes.
Tamandua tetradactyla
Records mainly belonged to patches of forest or riparian forests of the Uruguay and Paraná Rivers, where this species is able to feed on ants and termites, primarily extracted from arboreal nests (Abba et al., 2012) . Even though it is a fairly common species in the area, habitat loss implies a serious threat to this animal. In Uruguay the species has been negatively affected by advancing eucalyptus plantations (Miranda & Meritt, 2011) . Considering the similar land-use changes in the MS ecoregion, this threat may also apply to 3 Localities with presence and potential distribution of Myrmecophaga tridactyla in the Southern Cone Mesopotamian savanna, Argentina.
Localities with presence and potential distribution of Tamandua tetradactyla in the Southern Cone Mesopotamian savanna, Argentina.
Argentinean populations. Hunting is another potential threat for the southern tamandua, and many individuals are killed on roads, as observed during this work and reported from Brazil (e.g., da Cunha et al., 2010; da Rosa et al., 2010) and Paraguay (Smith, 2012 (Parera & Erize, 2002; Zamorano & Scillato-Yané, 2008; Superina et al., 2010) , our results show that the nine-banded armadillo is the most widely distributed armadillo species and is present in numerous localities throughout the ecoregion. This species is known from a wide variety of habitats from the southern United States to northern Argentinean grasslands (McBee & Baker, 1982; Smith & Redford, 1990; Vizcaíno, 1995) . Some authors have recently suggested that its range is expanding southwards (Fracassi et al., 2010; Abba & Vizcaíno, 2011) .
It is one of the most hunted armadillos for human consumption, tool manufacture, and ornamental use by the local community. Nevertheless, this does not seem to be a conservation concern in MS. This could be explained by its high adaptive capacity, its occurrence in diverse types of habitats and ability to produce quadruplets, resulting in a rapid rate of reproduction (Abba & Superina, 2010a ).
According to Abba et al. (2012) , until now a low probability of occurrence was given to this species in the ecoregion. Still, in this work we document a high number of records and localities, therefore suggesting that the abundance and distribution of the nine-banded armadillo could be greater than previously thought. These new records, especially those from direct observations, may be used in further niche distribution modelling of the species.
Dasypus hybridus Desmarest, 1804 (

6)
Common name: mulita orejuda, mulita pampeana (Spanish), southern lesser long-nosed armadillo (English) Comments: this species was registered through all available sources of information and local stakeholders characterize the species as abundant. Although it seems to be common in the whole Mesopotamian region, few occurrence points existed (Abba et al., 2012) prior to this study.
This species is a common victim of roadkill, probably because of its diurnal behavior and its zig-zagging run that makes it difficult to avoid (Smith, 2007) , and because it is hunted by local people. However, the populations of E. sexcinctus do not appear to be negatively affected in the ecoregion.
Subfamily Tolypeutinae Gray, 1865
Tribe Tolypeutini Gray, 1865
Cabassous tatouay Desmarest, 1804 (
8)
Common name: cabasú de orejas largas, tatú de rabo molle (Spanish), greater naked-tailed armadillo (English), tatu rabo-mole (Portuguese)
Relative presence: 7.1%
Relative presence: 63%
Conservation status: Near Threatened (NCS, ICS)
Comments: the southern lesser long-nosed armadillo was represented in a higher number of localities and was found to be broadly distributed in the study area.
As far as its conservation is concerned, D. hybridus is susceptible to land use change and hunting (Fonseca & Aguiar, 2004) , as well as urbanization and agricultural expansion (Abba & Superina, 2010b) , which have probably caused a population decline (Fonseca & Aguiar, 2004) . Given the current modifications of MS's landscape, which includes the replacement of grasslands for exotic plantations, this species should be monitored for potential population declines.
Although D. hybridus has been considered a junior synonym of D. septemcinctus, they can be distinguished morphologically. Hamlett (1939) stated that D. hybridus has proportionately shorter ears and inhabits Paraguay, Argentina, Uruguay and southern Brazil, whilst D. septemcinctus has ears and tail of medium length and is distributed only in Brazil. Later, Wetzel and Mondolfi (1979) included MS in the distribution range of D. septemcinctus, although they did not present data points for the provinces of Corrientes and Misiones. These authors presented data for localities of D. hybridus around MS, therefore including the ecoregion in its distribution range. Moreover, they proposed the sympatry of these species. Other authors, such as Massoia et al. (2006) , supported the possible presence of both species in the region, especially in the bordering area between Corrientes and Misiones, and cited two records for D. septemcinctus for Misiones. However, Abba et al. (2012) recognized the presence of D. hybridus in Argentina and suggested that records of D. septemcinctus are likely to belong to D. hybridus, as there are no reliable data of observed or collected specimens of D. septemcinctus in the area. The IUCN (2013) also acknowledges that the distribution of the seven-banded armadillo (D. septemcinctus) does not include the MS ecoregion, but it is present in Misiones province. Following Abba et al. (2012) we consider our records to be D. hybridus. Nevertheless, we present data of D. septemcinctus (7 bibliographical records) for those authors who have reported it, because we have no proof to assume otherwise.
Subfamily Euphractinae Winge, 1923
Tribe Euphractini Winge, 1923 Euphractus sexcinctus Linnaeus, 1758 (
7)
Common name: gualacate, tatú peludo (Spanish), six-banded armadillo, yellow armadillo (English), tatu-peba (Portuguese)
Localities with presence and potential distribution of
Euphractus sexcinctus in the Southern Cone Mesopotamian savanna, Argentina.
Conservation status: Vulnerable (NCS), Least Concern (ICS)
Comments: the low number of localities with records for this species could be explained by the fact that these armadillos are highly fossorial (Abba & Superina, 2010c) , as well as that the MS ecoregion is the southern range limit of this species in Argentina (IUCN, 2013). Our results are aligned to those from Abba et al. (2012) who estimated a low probability of occurrence for this species in the region. Although this species has experienced habitat loss in much of its range, it has the ability to tolerate modified habitats to a certain degree (Abba & Superina, 2010c) .
C
In this paper we describe the xenarthran species assemblage of the Southern Cone Mesopotamian savanna ecoregion, a poorly studied area of Argentina. We conclude that the nine-banded armadillo, the yellow armadillo, and the southern tamandua are reliably present in the ecoregion. The southern lesser longnosed armadillo is also present across the ecoregion; however, taxonomic confusion with the seven-banded armadillo (D. septemcinctus) raises doubts about the presence of both species in the ecoregion. Further research is needed to provide insight into their taxonomy and to allow estimating their current distribution in MS. The giant anteater and greater naked-tailed armadillo seem to be rare in the area and occurrences are reported from a low number of localities. Additional information is required on these taxa in order to accurately assess their distribution and conservation status (Abba et al., 2012) . As far as the giant anteater is concerned, this study could be contradicting the "possibly extinct" status assigned to the species in Corrientes province (Chebez & Cirignoli, 2008) .
In general, species recorded in this study are consistent with those reported by Abba et al. (2006) . Specific field studies on xenarthrans should help bridge the information gap identified in this work, particularly considering that they are vulnerable to the existing land-use change of the MS ecoregion.
Of the four methods used for data collection, 80% of the data originate from interviews with stakeholders and from the Participatory Monitoring Program. This reveals the importance of involving members of the local community, as they are normally aware of the faunal resources around them and can obtain information that cannot easily be acquired by systematic research. This information, if proved reliable, allows scientists to complement their records. At the same time, we believe including the community can help raise awareness of environmental issues and get the population involved in biodiversity conservation.
The current advancement of agriculture and silviculture production in the MS ecoregion derive in a decrease of suitable habitat for xenarthrans and in the reduction of environmental heterogeneity (Krapovickas & Di Giacomo, 1998) , which in combination with the scarce protection of the area suggest that remaining natural habitat should be considered a priority for conservation. The ongoing transformation of natural grasslands indicates there is an urgent need to balance production with conservation through the implementation of additional protected areas (Bosso et al., 2003) and environmental management.
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